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Abstract 
 
In the present work, an attempt has been made to assess the influencing parameters on the machining of GFRP composites. 
Using Taguchi method, an L9 orthogonal array has been used for experimentation. The experiments were conducted on all geared 
lathe using carbide tool with three levels of input parameters such as cutting speed, depth of cut and feed rate. A procedure has 
been developed to assess and optimize the chosen factors to attain minimum surface roughness by incorporating: (i) response 
table and response graph; (ii) normal probability plot; (iii) analysis of variance (ANOVA) technique. It is found that the feed rate 
is the most significant parameter followed by the depth of cut for surface roughness. 
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1. Introduction 
 
Now-a-days, glass fiber reinforced plastic (GFRP) plays an important role in various engineering applications as 
an alternative to various heavy exotic materials. In GFRP polymeric composites, the matrix of polymer (resin) is 
reinforced with glass fibers. It is seen that the addition of filler to the polymer matrix enhances the different 
properties of the GFRP composites. With this contrast, many researches using fly ash as the filler material for 
fabrication of composite materials. Fly ash is considered as one of the major industrial wastes. It is the burnt end 
product of pulverized coal from thermal power plants, produced in massive quantities, causing problems like air and 
water pollution, wastage of large tracts of agricultural land for disposal etc. There has been a large initiation in the 
effective utilization of waste fly ash as filler in polymer matrix, as a result of environmental pollution minimizes. 
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Recently, few methods have been adopted for successful utilization of such wastes and also providing solution to 
technical issues in specific areas.  Many researchers [Devi et al. (1998), Guhanathan et al. (2001), and Ramakrishna 
et al.] have discussed the mechanical properties of fly ash-filled general-purpose unsaturated polyester resin. Wong 
and Truss (1994) reported the effect of fly ash addition and the effect of coupling agent on the tensile and impact 
properties of polypropylene. Bose and Mahanwar (2004) observed that the addition of fly ash to nylon 6 improved 
its rigidity, heat resistance, and dimensional stability. Chand and Vaishistha (2002) developed a new type of cheaper 
fly ash-filled PP/polymethyl methacrylate blend system. Chand and Jain (2006) discussed the effect of temperature 
on electrical behavior of fly ash-filled epoxy gradient composites.  Kishore and Kulkarni (2002) investigated the 
compressive properties of epoxy and hybrid epoxy composites filled with fly ash under different conditions. The 
present work was undertaken to optimize the machining parameters on turning of GFRP composites to attain a 
minimum surface roughness using Taguchi method. 
 
2.  Fabrication of Composites by hand lay-up process 
 
The laminates were fabricated by dry hand lay-up method. Hand lay-up method was chosen as it was ideally 
suited to manufacture low volume with minimum tooling cost. Fabrication process involves four basic steps: lay-up, 
wetting/impregnation, consolidation, and solidification. E-glass plain weave roving fabric, which is compatible to 
epoxy resin, is used as the reinforcement. Araldite LY 556 epoxy resin mix with HY 951 grade room temperature 
curing hardener was employed for the matrix material. The composition for each laminate is given in Table-1. 
Graphite powder is a fine black powder that can be mixed with epoxy resin to produce low friction exterior surfaces. 
Graphite powders were dispersed into araldite LY 556 resin with a novel and simple setup. The resin consisting of 
2% (1%graphite powder and 1% ash clay) fillers were agitated at 400 rpm, to ensure proper mixing. Composite 
laminates were formed by placing successive layers of the fibre and resin mixture. Each fabric layer was wetted with 
resin mixture using a squeezing plate for proper impregnation. The squeezing plates were used to remove excess 
resin and air, which results in compaction of the plies. During lay-up, each ply is impregnated with an epoxy resin 
mixture with graphite and ash clay particulate filler. The purpose of this step is to make sure that the resin flows 
entirely around all fibres. Consolidation is a very important step in obtaining a good quality part. During this step, 
intimate contact between each layer of the lamina is formed, which ensures that all the entrapped. The same 
composition is also taken for the fabrication of bars in hand-lay-up process. 
 
3. Characterization of GFRP Composites  
 
3.1 Tensile strength 
The tensile test is generally performed on flat specimens. The commonly used specimens for tensile test are the 
dog-bone type and the straight side type with end tabs. During the test a uniaxial load is applied through both the 
ends of the specimen. The ASTM standard test method for tensile properties of fiber resin composites has the 
designation ASTMD638. The dimension of the specimen is 167 mm ×20 mm × 3.77 mm at a crosshead speed of 5 
mm/min. The tensile test is performed in the universal testing machine (UTM) Instron 3382 at CIPET, Bhubaneswar 
and results are analyzed to calculate the tensile strength of composite samples. Here the test is repeated five times 
and the mean value of tensile strength is reported in Table 1. 
Table 1. Tensile Strength properties for specimen 
Sl.no Maximum 
Load (N) 
Tensile stress at 
Maximum 
Load(MPa) 
Tensile 
stress at 
Yield  
(MPa) 
Extensi-
on at 
Break  
(mm) 
Tensile 
strain at 
Break  
(%) 
Load at Break 
(N) 
Tensile 
stress at 
Break  
(MPa) 
Modulus  
(MPa) 
01 17940.13 315.14 315.14 6.63 5.77 17902.65 314.48 6249.82 
 
3.2 Flexural strength (FS) 
 
The Flexural test is a 3-point bend test, which generally promotes failure by inter-laminar shear. The Flexural test 
is conducted as per ASTM standard (D790) using the same UTM. The dimension of the specimen is 63.5 mm × 12.7 
mm ×3.8 mm at a crosshead speed of 2 mm/min. The flexural strength of any composite specimen is determined 
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using the following equation. 
2bt2
PL3FS  
           (1)
 
Where, P is maximum load, b the width of specimen, L is the span length of the sample and t the thickness of 
specimen. For flexural strength the test is repeated five times and the mean value is reported in Table 2. 
 
Table 2. Flexural strength properties for specimen 
 
Sl. No Rate 
(mm/min) 
Maximum Load 
(N) 
Maximum Stress 
(MPa) 
Flex Modulus 
(MPa) 
01 2.0 816.61 343.43 16678.91 
 
3.3 Impact strength 
 
Low velocity instrumented impact tests are carried out on composite specimens. The tests are done as per ASTM 
D 256 using an impact tester. The pendulum impact testing machine ascertains the notch impact strength of the 
material by shattering the V-notched specimen with a pendulum hammer, measuring the spent energy, and relating it 
to the cross section of the specimen. The standard specimen for ASTM D 256 is same as the flexural and inter-
laminar shear strength and the depth under the notch is 20 mm. Each test is repeated five times and the mean value 
of impact strength is reported in Table 3. The machine is adjusted such that the blade on the free-hanging pendulum 
just barely contracts the specimen (zero position). The specimens are clamped in a square support and are struck at 
their central point by a hemispherical bolt of diameter 5 mm.  
 
Table 3. Impact strength properties for specimen 
 
Sl. No Width in mm Absolute Energy(J) Resilience (kJ/m2) Resilience(J/m) 
01 5.2 6.280 129.70 1355.56 
 
4. Machining of composite material 
All the experiments were carried out on CNC lathe at CTTC, Bhubaneswar. Solid cylindrical component of Glass 
fibre reinforced polymer composite with graphite/fly ash as filler material is used as the specimen or work-piece for 
turning operation. In the present investigation carbide tool is used as the tool material for the turning operation. The 
specification of insert is VNMG 110408 and the tool holder is MVJNR 2025. The process variables with their 
values on different levels are listed in Table 4. 
 
Table 4. Influencing parameters & their levels 
 
levels Level code Cutting speed 
(v, m/min) 
Feed rate(f, mm/rev) Depth of cut 
(d, mm) 
Low 1 50 0.1 0.5 
Medium 2 100 0.15 1.0 
High 3 150 0.2 1.5 
 
5. Surface Roughness Measurement 
The various surface roughness parameters of the machined surface was measured using a stylus type surface 
roughness tester (Taylor Hobson, Surtronic 25) of sampling length 0.8 mm, evaluation length of 4 mm and least 
count of 0.01 μm. The design of experiment (DoE) and the measured experimental values for surface roughness has 
been shown in the Table 5. 
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Table 5. DoE and measured surface roughness parameters 
Expt. no v 
 
f 
 
d 
 
V 
(actual) 
f 
(actual) 
d 
(actual) 
Surface roughness 
in (μm) 
Ra Rt 
1 1 1 1 50 0.1 0.5 1.8 53   
2 1 2 2 50 0.15 1.0 2.8 26 
3 1 3 3 50 0.2 1.5 3.2 31 
4 2 1 2 100 0.1 0.5 4.4 35 
5 2 2 3 100 0.15 1.0 4.8 21 
6 2 3 1 100 0.2 1.5 5.8 29 
7 3 1 3 150 0.1 0.5 4.4 47 
8 3 2 1 150 0.15 1.0 5.0 42 
9 3 3 2 150 0.2 1.5 5.4 36 
 
6. Results and Discussions 
 
This section of the paper presents the results of tests & machining operation (turning) which have done on the 
GFRP composite specimen. Statistical methods are commonly used to improve the quality of a product or process. 
Such methods enable the user to define and study the effect of every single condition possible in an experiment 
where numerous factors are involved. In the present work a statistical technique called Taguchi method and 
ANOVA are used to optimize the process parameters of the present investigation. 
 
6.1 Determination of optimal process parameters for surface roughness 
 
In this section, the use of an orthogonal array (L9) to reduce the number of experiments for determining the 
optimal process parameters has been analyzed. Results of the machining experiments are studied by using the 
ANOVA analysis. Based on the results of the ANOVA, optimal process parameters for Ra and Rt are obtained.  
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Fig.1. Main effects plots for Ra 
 
 
 
Fig.2. Normal probability plot for Ra 
 
The purpose of the ANOVA is to find the statistical significance of process parameter on response. Table 6 shows 
the results of ANOVA for Ra. In the ANOVA table it can be seen that velocity with a P value less than 0.05 which 
means that it is significant at 95% confidence level. It can be found that the velocity is the most significant process 
parameter for Ra. The optimal cutting parameter combination for Ra value are the cutting speed at level-1, the feed at 
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level-1, and the depth of cut at level-1 (v1-f1-d1) as shown in the main effect plot in the figure 1. It is emphasized 
that these conditions only provide best surface roughness among the cutting conditions tested. Figure 2 shows the 
normal probability plot for Ra. In this figure, it is clearly shown that that the residuals are normally distributed. 
 
Table 6. Analysis of Variance (ANOVA) for Ra 
 
Source DF Seq SS Adj SS Adj MS F P 
v 2 11.2089 11.2089 5.6044 66.37 0.015 
f 2 2.4089 2.4089 1.2044 14.26 0.066 
d 2 0.0089 0.0089 0.0044 0.05 0.95 
Error 2 0.1689 0.1689 0.0844 
Total 8 13.7956 
S = 0.290593 R-Sq = 98.78% R-Sq(adj) = 95.10% 
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Fig.3. Main Effects Plots For Means For Rt 
 
Fig.4. Normal Probability plot For Rt 
 
Similarly, Table 7 shows the results of ANOVA for Rt. In the ANOVA table it can be seen that velocity and feed 
with a P-value less than 0.05 which means that it is significant at 95% confidence level. The optimal cutting 
parameters for Rt are the cutting speed at level-2, the feed at level-2, and the depth of cut at level-3 (v2-f2-d3) as 
shown in the main effect plot in the figure 3. In the normal probability plot (Figure 4), it is also shown the residuals 
are normally distributed. 
 
Table 7. Analysis of Variance (ANOVA) for Rt 
 
Source DF Seq SS Adj SS Adj MS F P 
v 2 272.22 272.22 136.11 23.56 0.041 
f 2 409.56 409.56 204.78 35.44 0.027 
d 2 150.89 150.89 75.44 13.06 0.071 
Error 2 11.56 11.56 5.78 
Total 8 844.22 
S = 2.40370         R-Sq = 98.63%         R-Sq(adj) = 94.52% 
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6.2 Confirmation tests 
 
The improvement of the S/N ratio for the individual performance characteristic is shown in Table 8 & 9. The 
increase of the S/N ratio from the initial cutting parameters to the optimal cutting parameters for Ra is 9.5419 dB and 
for Rt is 8.0411 dB. 
 
Table 8. Results of the confirmation experiment for Ra 
 
Table 9. Results of the confirmation experiment for Rt 
 
7. Conclusion 
 
The optimal cutting parameters for surface roughness parameter Ra are the cutting speed at level-1, the feed at 
level-1, and the depth of cut at level-1 (v1-f1-d1). It can be found that the cutting speed is the most significant 
process parameter for Ra. The optimal cutting parameters for surface roughness Rt is the cutting speed at level-2, the 
feed at level-2, and the depth of cut at level-3 (v2-f2-d3). It is emphasized that these conditions only provide best 
surface roughness among the cutting conditions tested. The improvement of surface roughness from initial cutting 
parameters to the optimal cutting parameters for Ra is about 300% and for Rt is about 252%.  
 
References 
 
Bose, S.S., Mahanwar, P.A., 2004. Effect of fly-ash on the mechanical thermal dielectric rheological and morphological properties of filled nylon 
6, J. Min. Mater. Charact. Eng . 3, 65–89. 
Chand, N., Jain, D., 2006. Effect of temperature on electrical behavior of fly-ash filled epoxy gradient composites, Journal of Applied Polymer 
Science 100, 1269–1276. 
Chand, N., S.R. 2002. Development structure and strength properties of PP/PMMA/FA blends, Bull Mater. Sci. 23,103–107.  
Guhanathan, S., Devi, S., Murugesan, V., 2001. Effect of coupling agents on the mechanical properties of fly ash/polyester particulate 
composites, Journal of Applied Polymer Science 82, 1755–1760. 
Kishore, Barpanda P. Kulkarni, S.M., 2005.  Compression strength of silane water exposed epoxy system containing fly ash particles, Journal of 
Reinforced Plastic and Composites 24, 1567–1576. 
Kulkarni, S.M., Kishore, 2002. Studies on fly-ash filled epoxy cast slabs under compression, Journal of Applied Polymer Science 84, 2404–2410. 
Kulkarni, S.M., Kishore, 2003. Effect of filler-fiber interactions on compressive strength of flyash and short-fiber epoxy composites, Journal of 
Applied Polymer Science 87, 836–841. 
Murugesan, S., Murugesan, V., Rangaraj, K., Anand P., 1998. Utilization of fly-ash as filler for unsaturated polyester resin, Journal of Applied 
Polymer Science 69, 1385–1391.  
Ramakrishna, H.V., Priya, S. P., Rai S.K., Varadarajulu, A., 2005. Tensile flexural properties of unsaturated polyester/granite powder and 
unsaturated polyester/ fly ash composites. Journal of Reinforced Plastic and Composites 24, 1279–1287. 
Wong, K.W.Y., Truss, R.W., 1994. Effect of fly-ash content and coupling agent on the mechanical properties of fly-ash filled polypropylene. 
Composite Science Technology 52, 361–368. 
  Initial cutting parameters Optimal cutting parameters  
Prediction Experiment 
Level V3f3d2  V1f1d1 
Ra  5.4  1.8 
S/N ratio -14.6479 1.9777 -5.1055 
Improvement of S/N 
ratio 
9.5419   
 Initial cutting parameters Optimal cutting parameters  
Prediction Experiment 
Level V1f1d1  V2f2d3 
Rt    53  21 
S/N ratio -34.4855 51.8889 -26.444 
Improvement of S/N 
ratio 
8.0411   
